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PROBLEM TO BE SOLVED: To easily and highly 
reliably provide a high-density low-resistance thin-film 
coil. 

SOLUTION: This thin-film coil L is constituted by m 
electrically connecting a first coil L1 , composed of a 
desired number of windings and a second coil L2 in 
series, and the second coil L2 is formed among the 
windings of the first coil L1 in substantially the same 
plane as that of the coil L1 , and at the same time, only 
an insulating film 12 is interposed between the coils L2 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The thin film coil characterized by only an insulator layer intervening between said 2nd coil 
and said 1st coil in the thin film coil with which the 1st coil and the 2nd coil which consist of the desired 
number of coils are prepared in a serial by flowing while said 2nd coil is formed on the abbreviation 
same flat surface between the coils of said 1st coil. 

[Claim 2] The cross section of said 1st coil at least is a thin film coil according to claim 1 characterized 
by being an abbreviation trapezoid. 

[Claim 3] The magnetic head characterized by only an insulator layer intervening between said 2nd coil 
and said 1st coil in the magnetic head equipped with the thin film coil with which the 1st coil and the 
2nd coil which consist of the desired number of coils are prepared in a serial by flowing, and a magnetic 
core while said 2nd coil is formed on the abbreviation same flat surface between the coils of said 1st 
coil. 

[Claim 4] The cross section of said 1st coil at least is the magnetic head according to claim 2 
characterized by being an abbreviation trapezoid. 

[Claim 5] The process which forms the 1st coil which consists of the predetermined number of coils 
through the 1st insulator layer, The process which forms the 2nd insulator layer between the front face 
of said 1st coil, and a coil, The process which processes so that only the pars basilaris ossis occipitalis 
which forms the substrate electric conduction film on said 2nd insulator layer, and becomes between the 
coils of said 1st coil may leave said substrate electric conduction film, The manufacture approach of the 
thin film coil characterized by having the process which carries out based on the substrate electric 
conduction film which remained in the pars basilaris ossis occipitalis which becomes between the coils 
of said 1 st coil, and carries out deposition formation of the 2nd coil. 

[Claim 6] Said 2nd coil is the manufacture approach of the thin film coil according to claim 5 
characterized by carrying out deposition formation by electrolytic plating. 

[Claim 7] The processing only whose pars basilaris ossis occipitalis which becomes between the coils of 
said 1st coil leaves said substrate electric conduction film is the manufacture approach of the thin film 
coil according to claim 5 characterized by carrying out by the ion etching which attached the 
predetermined include angle. 

[Claim 8] It is the manufacture approach of the thin film coil according to claim 5 characterized by 
performing processing only whose pars basilaris ossis occipitalis which becomes between the coils of 
said 1 st coil leaves said substrate electric conduction film by wet etching. 

[Claim 9] The manufacture approach of the thin film coil according to claim 5 characterized by forming 
the 2nd insulator layer between said 1st coil and said 2nd coil with a spatter or vacuum deposition. 
[Claim 10] The process which forms the 1st coil which consists of the predetermined number of coils 
through the 1st insulator layer, The process which forms the 2nd insulator layer between the front face 
of said 1st coil, and a coil, The process which processes so that only the pars basilaris ossis occipitalis 
which forms the substrate electric conduction film on said 2nd insulator layer, and becomes between the 
coils of said 1st coil may leave said substrate electric conduction film, The manufacture approach of the 



http://ww4.ipdl.jpo.go.jpte 5/20/2004 



■ S PAGE BLANK (usptoj 



Page 2 of 2 



magnetic head which carries out based on the substrate electric conduction film which remained in the 
pars basilaris ossis occipitalis which becomes between the coils of said 1st coil, and is characterized by 
having the process which performs plating processing and forms the 2nd coil. 
[Claim 1 1] Said 2nd coil is the manufacture approach of the magnetic head according to claim 10 
characterized by carrying out deposition formation by electrolytic plating. 

[Claim 12] The processing only whose pars basilaris ossis occipitalis which becomes between the coils 
of said 1st coil leaves said substrate electric conduction film is the manufacture approach of the 
magnetic head according to claim 10 characterized by carrying out by the ion etching which attached the 
predetermined include angle. . . 

[Claim 13] It is the manufacture approach of the magnetic head according to claim 10 characterized by 
performing processing only whose pars basilaris ossis occipitalis which becomes between the coils of 
said 1 st coil leaves said substrate electric conduction film by wet etching. 

[Claim 14] The manufacture approach of the magnetic head according to claim 10 characterized by 
forming the 2nd insulator layer between said 1st coil and said 2nd coil with a spatter or vacuum 
deposition. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the magnetic head using 
the thin film coil and it which set and constitute the 1st coil and the 2nd coil, and a thin film coil, and the 
manufacture approach of the magnetic head. 
[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the 
magnetic head which performs record and playback to a magnetic-recording medium from a viewpoint 
of the improvement in recording density of a magnetic-recording medium is called for. Many thin film 
magnetic heads of the compound die which doubled the recording head which has an induction type 
MAG sensing element for writing, and the reproducing head which has a magneto-resistive effect 
component for read-out as this magnetic head are used. 

[0003] The coil for magnetomotive-force generating is formed in such the thin film magnetic head and a 
thin film inductor. A coil is formed by the photolithography technique used by semi-conductor 
formation using a resin resist. 

[0004] Hereafter, the coil formed in this process is generically called a thin film coil. As shown in 
formation of the conventional thin film coil at drawing 42 (a), the resist film pattern P was formed in the 
coil configuration, and thin film coil L' of the electric conduction film as shows the electric conduction 
film to drawing 42 (b) by plating or carrying out a spatter has been obtained after that. In this case, the 
patterning precision of the resist film determines the configuration of thin film coil L\ and spacing 
between coils. 

[0005] It is dependent on the engine performance and terms and conditions of the manufacturing 
installation itself, such as an ingredient of the resist film, a coater, an aligner, and a developer, to 
determine the patterning precision of the resist film, and it also has the system which can realize Line- 
Space 1 micrometer or less with the equipment used with a semi-conductor. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the thickness of the thin film coil of the magnetic 
head or the coil used by the thin film inductor for [ various ] converters is very difficult to form the resist 
film which can be equivalent to those with several micrometers to dozens of micrometers, and such 
thick electric conduction film with a sufficient precision by Line-Space 1 micrometer or less unlike the 
thickness of several nm used with a semi-conductor. 

[0007] Here, piling up and forming two coils (the upper coil, lower layer coil) as shown in drawing 43 , 
making it flow through each edge, and considering as one thin film coil is also considered. However, 
now, the thickness of a thin film coil increases and the demand of a miniaturization cannot be met. 
[0008] Moreover, when the width of face of the magnetic head is specified from the demand of the 
improvement in recording density in a magnetic-recording medium and the coil width of face of a thin 
film coil needs to be stored in a predetermined value, a thin film coil must be formed very much in high 
density from it being necessary to constitute from spec, below predetermined resistance, storing a thin 
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film coil in this width of face. 

[0009] Here, by the magnetic head indicated by JP,1 1-345404, A and its manufacture approach, the 
technique which constitutes a high-density thin film coil from forming the 1st coil and the 2nd coil on an 
abbreviation same flat surface is indicated. 

[001 0] However, with the technique indicated by JP,1 1-345404,A, the substrate film of plating used in 
case the 2nd coil is formed remains between the 1st coil, and when grinding for flattening, it is easy to 
generate the short circuit of the 2nd coil, the flowing substrate film, and the 1st coil. That is, there is 
only a very thin insulator layer between the substrate film and the 1st coil, and an insulator layer can be 
crushed by polish or it is possible to cause the short circuit between coils by polish or ** of the substrate 
film. Moreover, an unnecessary capacity occurs between the 1st coil and the substrate film, and the 
problem of having a bad influence on the property as a coil arises. 

[Means for Solving the Problem] This invention is accomplished in order to solve such a technical 
problem. That is, in the magnetic head using the thin film coil and this by which the 1st coil and the 2nd 
coil which consist of the desired number of coils are prepared in a serial by flowing, this invention has 
the composition that only an insulator layer intervenes between the 2nd coil and the 1st coil while the 
2nd coil is formed on the abbreviation same flat surface between the coils of the 1st coil. 
[0012] Moreover, the process which forms the 1st coil with which this invention consists of the 
predetermined number of coils through the 1 st insulator layer, The process which forms the 2nd 
insulator layer between the front face of the 1st coil, and a coil, and the process which processes so that 
only the pars basilaris ossis occipitalis which forms the substrate electric conduction film on the 2nd 
insulator layer, and becomes between the coils of the 1st coil may leave the substrate electric conduction 
film, It is the manufacture approach of of the thin film coil and the magnetic head equipped with the 
process which carries out based on the substrate electric conduction film which remained in the pars 
basilaris ossis occipitalis which becomes between the coils of the 1st coil, and carries out deposition 
formation of the 2nd coil. 

[0013] In such this invention, since it becomes the configuration that only an insulator layer intervenes 
between the 1st coil and the 2nd coil which are formed on an abbreviation same flat surface, spacing of 
the 1st coil and the 2nd coil can be narrowed, it can be high-density and the thin film coil which was 
excellent in the property can be offered. 

[0014] , . Jt _ j 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
drawing. Drawing 1 is a mimetic diagram explaining the thin film coil concerning this operation gestalt, 
(a) is a top view and (b) is a sectional view. That is, the thin film coil L of this operation gestalt has the 
composition that only an insulator layer 12 intervenes between the 2nd coil L2 and the 1st coil LI while 
the 1st coil LI and the 2nd coil L2 which consist of the desired number of coils are flowed through and 
prepared in a serial and the 2nd coil L2 is formed on the abbreviation same flat surface between the coils 
of the 1st coil LI. 

[0015] This 1st coil LI and 2nd coil L2 consist of flowing through an edge as one thin film coil L. 
Drawing 2 is a mimetic diagram explaining the direction of a coil of each coil. For example, the 1st coil 
LI is rolled inside from the outside along the direction of a current (refer to drawing Nakaya mark). 
Moreover, the 2nd coil L2 is also rolled inside from the outside along the direction of a current. For this 
reason, where the 2nd coil L2 is formed between the coils of the 1st coil LI, connection is carried out so 
that the inside edge of the 1st coil LI and the outside edge of the 2nd coil L2 may flow. 
[0016] In addition, although the 1st coil LI and the 2nd coil L2 which are shown in drawing 1 (b) have a 
cross-sectional- view abbreviation rectangle, they may be made into the cross-sectional-view 
abbreviation trapezoid which the piece of merits and demerits adjoins mutually. For example, when the 
method side of drawing Nakashita of the 1st coil LI makes it the cross-sectional- view abbreviation 
trapezoid used as a long side, the wrap insulator layer 12 can reach the 1st coil LI, the surroundings can 
be made easy, and thin film-ization of an insulator layer 12 can be attained. 

[0017] Such a thin film coil L is applied to a thin film inductor and the thin film magnetic head as shown 
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in drawing 3 . The thin film magnetic head forms the magneto-resistive effect component film 3 and the 
thin film coil L in the hard nonmagnetic substrate 1, is in the condition of having made the lamination 
substrate 25 rivaling, gives polish of an approximate circle arc to the sliding surfaces la and 25a with a 
medium, and it is cutting it so that theta may be attached whenever [ azimuth-angle ]. 
[0018] This operation gestalt has the description in the thin film coil L applied to such the thin film 
magnetic head etc., and its manufacture approach. Hereafter, the manufacture approach of the thin film 
coil of this operation gestalt and the manufacture approach of the magnetic head are explained in order. 
[0019] First, a substrate 1 is prepared as shown in drawing 4 . Especially the ingredient of a substrate 1 
is not specified and is arbitrary by the use application. aluminum203-TiC (Al Chick), alpha-Fe 203 
(hematite) of an iron-oxide system, etc. which were excellent in abrasion resistance with a magnetic tape 
here are suitable. Moreover, the magnitude of a substrate prepared 4inchphi and a thing with a thickness 
of 2mm. 

[0020] Next, as shown in drawing 5 , the lower layer core materials 5 used as the lower layer core of a 
magnetic-recording head are formed. The ingredient is arbitrary if permissible [ in magnetic properties ] 
also about these lower layer core materials 5. In order to gather recording efficiency, permeability is 
high as much as possible, and soft magnetism film with high saturation magnetic flux density is desired. 
With this operation gestalt, the FeAISi (Sendust) film was formed by 2. 5 -micrometer spatter. In 
addition, the formation approach about the lower layer core materials 5 is arbitrary. As thickness, 2 
micrometers or more are desirable. 

[0021] Next, as shown in drawing 6 , patterning and etching are performed to lower layer core materials, 
it carves to every magnetic head, and the lower layer core 6 is formed. Although the formation approach 
of the lower layer core 6 was formed with this operation gestalt by removing the unnecessary part by 
patterning and ion etching of the resist film using a photolithography technique, they may be the 
formation approaches other than this. 

[0022] Next, as shown in drawing 7 , the irregularity made with the lower layer core 6 by the non- 
magnetic material is embedded. With this operation gestalt, after carrying out the sheet of the 
20thickness Mino aluminum3 same film 7 as the lower layer core 6 first by the spatter, irregularity 
made on the front face is made into Taira and others by CMP polish (chemical mechanical polishing) or 
buffing. Not only this operation gestalt but the ingredient of this flattening approach and flattening is 
arbitrary. 

[0023] Next, as shown in drawing 8 , the Gap film 8 for forming FrontGap of a recording head is 
formed. Here, 0.2 micrometers of SiO(s)2 were formed by the spatter. Otherwise, the ingredient of this 
Gap film 8 can consider aluminum203 grade that what is necessary is just the nonmagnetic non- 
conductive film. Moreover, it is determined by the over- writing property demanded by the system, and 
needed magnetomotive force about thickness. 

[0024] Here, it becomes the formation procedure of the thin film coil which is the main process of this 
operation gestalt. First, as shown in drawing 9 , Ti/Cu used as the plating substrate film 9 of the 1st coil 
is formed by the spatter, a conductor for this plating substrate film 9 to go and pass a plating current to 
the whole substrate (wafer) surface over the time of plating - it becomes the section. 
[0025] Thickness of Ti/Cu which is the plating substrate film 9 was set to Ti:30nm and CulOOnm. In 
order to raise the adhesion of the Gap film 8 and Cu, the sheet of Ti is carried out, and it is arbitrary 
about thickness. Cu chose the same ingredient in order to consider the ingredient of the thin film coil 
formed behind as Cu plating. Although some plating substrate film 9 becomes some thin film coils 
formed after this, since it is necessary to remove other parts, the thickness of the plating substrate film 9 
is not so thick, for example, its 0.3 micrometers or less are desirable. 

[0026] From the following process, the round mark (one component) shown by B of drawing 9 is 
explained as a core. That is, as shown in drawing 10 , the pattern 10 which has opening in the 
configuration of the 1st coil using a photolithography technique is formed. The resist film used here was 
applied for example, by 2000rpm, and was set to about 8 micrometers as thickness. About the resist film 
to be used, it is arbitrary, and the ingredient of a resist is arbitrary if a good profile is obtained. 
Moreover, since a setup of the thickness of the 1st coil is set up with about 6 micrometers with this 
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operation gestalt, it is necessary to consider as the thickness of the 1st more than coil at least as 
thickness tlO of the pattern 10 of this resist film. 

[0027] Next, as shown in drawing 1 1 , Cu is plated and the 1st coil plating 1 1 is formed in the part by 
which opening was carried out with the resist pattern. Plating used the electrolytic plating approach by 
the copper-sulfate solution or the pyrophosphoric acid copper solution. The plating solution to be used is 
not limited to this, but is arbitrary. Moreover, although it is satisfactory even if it changes into other 
ingredients, for example, gold etc., the solution used here, it is desirable to double with the ingredient 
which also plates the ingredient of the substrate film 9 in that case here. Thickness tl 1 of plating was set 
to 6 micrometers with this operation gestalt. 

[0028] Next, as shown in drawing 12 , after carrying out dissolution removal of the resist film which 
performed patterning with an organic solvent, plating substrate film 9 other than the coil section is 
removed by crossing all over a substrate and giving ion etching. Since the substrate film between coils is 
removed completely, whenever [ over the substrate side of the ion etching in this case / incident angle ] 
has the desirable direction set up so that it may become as perpendicular as possible. Although whenever 
[ angle-of-incidence ] was made into 0 times (vertical incidence) with this operation gestalt, the include 
angle which the plating substrate film 9 between coils can remove completely by the etching system is 
optimized. The 1 St coil LI is formed of this processing. 

[0029] Next, as shown in drawing 13 , the insulator layer 12 between the coils which perform the 
insulation with the 1st coil LI and the 2nd coil (not shown) is formed. Since the 2nd coil which explains 
henceforth is formed as it sews between the 1st coil L, the distance which the 1st coil LI and the 2nd 
coil adjoin becomes very narrow. In order to aim at these both electric insulation, the non-conductive 
film (insulator layer 12) is prepared. With this operation gestalt, aluminum 203 was formed by 0.5- 
micrometer spatter. . 

[0030] In this case, it is arbitrary if it is a non-conductive non-magnetic material about the ingredient ot 
an insulator layer 12. Moreover, the amount whose insulation is completely possible was the need at 
worst, and since the sheet of the thickness to form had to be completely carried out also to the wall 
surface of the 1st coil LI, or the pars basilaris ossis occipitalis between coils, it formed 0.5-micrometer 
thickness by the spatter with this operation gestalt. If the 1st coil can be completely formed in a wrap 
form as shown in drawing since this is considered that the covering situation of the 1st coil LI changes 
with the formation approach or equipment to be used, it is arbitrary about the formation approach or 
equipment. 

[003 1] Next, the plating substrate film 13 (for example, Ti/Cu) for the 2nd coil used as the substrate at 
the time of plating the 2nd coil is formed by the spatter. It is more desirable to increase thickness a little 
as compared with the plating substrate film 9 of the 1st coil LI, since it is important to be formed also in 
the pars basilaris ossis occipitalis between coils of the 1st coil LI about this plating substrate film 13 
although it is the same as that of the plating substrate film 9 of the 1st coil LI . Ti/Cu thickness was set to 
Ti:30nm and Cu:200nm with this operation gestalt. 

[0032] Next, the detail of the removal process of the plating substrate film 13 which is the main point of 
this operation gestalt is explained. With this operation gestalt, it does not go into the plating process of 
the 2nd coil as it is, but a plating process is performed, after removing the one section of the plating 
substrate film 13 for the 2nd coil. The reason is mentioned later. 

[0033] First, as shown in drawing 15 , patterning of the protection resist film 14 is carried out with a 
photolithography technique so that the part which needs to leave the plating substrate film 13 may be 
covered. Here, the parts which need to leave the plating substrate film 13 are a coil periphery for 
supplying the plating current of the 2nd coil, and a coil entry part. 

[0034] Although the part which plating is actually grown up and serves as the 2nd coil is between the 1st 
coil LI and the plating substrate film 13 of this part naturally also needs to remain at the time of plating, 
as shown in drawing, by the pattern of this protection resist film 14, it is made into the pattern of 
opening except for the entry section between the 1st coil. 

[0035] Although mentioned later, in order to perform etching which gave the include angle for this part 
also as opening, the plating substrate film 13 of the pars basilaris ossis occipitalis between the 1st coil 
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LI which works as plating substrate film 13 at the time of plating of the 2nd coil is not removed. 
[0036] Next, as shown in drawing 16 , ion etching is given to the whole substrate surface. Here, ion 
etching which prepared the include angle is performed. This is for removing 1st coil LI top face and 
wall surface part of the plating substrate film 13 for the 2nd coil formed in the wrap form in the 1st coil 
LI, and making it the plating substrate film 13 for the 2nd coil remain only in the pars basilaris ossis 
occipitalis between the 1st coil LI (refer to drawing 17 ). 

[0037] Although mentioned later, in case this reason performs ion etching as shown in drawing 18 in 
order to acquire this configuration, it can be realized by leaning a substrate 1. Whenever [ this tilt-angle ] 
will be determined by theta=tan -1 (D/H), if it is theoretically expressed with theta=tan -1 {(thickness x2 
of the thickness x2-plating substrate film 13 of the spacing-insulator layer 12 between the 1st coil LI) / 
(thickness of the 1st coil LI)} and the notation in drawing is used, as shown in drawing 19 . 
[0038] However, with usual ion etching equipment, since whenever [ incident angle / of all particles ] is 
not single, it is necessary to find the include angle which becomes the optimal with the equipment to be 
used. It is'in the condition that the plating substrate film 13 of the top face of the 1st coil L shown in 
drawing 17 and a wall surface is completely removed as an ideal configuration. 
[0039] About a wall surface part, as shown in drawing 20 , it changes into the condition that some 
plating substrate film 13 was lost, as [ show / in not the condition that the plating substrate film 13 
remains in the wall surface of the 1st coil LI but the condition shown in drawing 17 , or drawing 21 ]. 
Anyway, it is the important main point to remove the 1st coil LI top-face section and the wall surface 
section of the plating substrate film 13. 

[0040] Next, after etching, dissolution removal of the etching protection resist film 14 is carried out with 
an organic solvent, and patterning of the resist film 15 with opening is performed using a 
photolithography technique in the 2nd coil shown in drawing 22 . 

[0041] As resist film 15, the point which has opening into the whole 1st coil [ not a coil pattern but ] LI 
part as formed with the 1st coil LI, and has covered Seki, then the perimeter of the 1st coil LI into the 
coil part is important here. 

[0042] That is, the fine pattern corresponding to a coil configuration is not required. Since this has 
removed the part on the 1st coil LI, even if it plates after this about the plating substrate film 13 for the 
2nd coil which had covered the 1st coil LI previously, from a part without the plating substrate film 13, 
plating is not to grow up but for plating to grow only from the pars basilaris ossis occipitalis between the 
1st coil LI with which the plating substrate film 13 remained. Thereby extraordinarily fine patterning 
becomes unnecessary. 

[0043] Here, by the approach (the conventional approach) the 2nd coil also performs patterning of the 
fine resist film, and carries out plating growth, as shown in drawing 44 , it is necessary to form the resist 
film 15 in a wrap form for the 1st coil LI completely. 

[0044] However, it is very difficult to cover the whole completely thinly to the 1st coil LI which started 
no less than 6 micrometers. It is for gap of patterning as shown in drawing 45 (a), pattern thin ** as 
shown in drawing 45 (b), and the resist remainder as shown in drawing 45 (c) to occur. 
[0045] That is, the resist film 15 covered according to the front face of the 1st coil LI formed of gap 
from exposure of photolithography or the optimum value of the amount of development and plating 
having much irregularity etc. becomes an ununiformity, and a part of wall surface of the 1st coil LI and 
top face are exposed in many cases. Especially the resist film of the angle of the 1st coil L I top-face 
section will tend to become thin, and will almost be exposed in practice. 

[0046] What plated after pattern gap had occurred like drawing 45 (a) is shown in drawing 46 . When 
plating such in the shape of a quirk, since plating liquid is overdue inside a slot, in addition to Plating M 
growing early that it is in the condition in which the plating substrate film 13 remained in the wall 
surface as shown in drawing from the wall surface upper part surely nearest to the counter electrode 
section, growth of Plating M becomes slow. It becomes the form which makes a hole all over a slot as 
shown in drawing as a result. 

[0047] In order to prevent this and to be completely filled up with the interior of a slot by plating, 
plating must be grown up from the groove bottom section. For this reason, it can be said that the method 
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of removing beforehand the part corresponding to the top face and wall surface of the 1st coil LI among 
plating substrate film 13 like this operation gestalt is most suitable. 

[0048] Thus, the condition of having performed plating growth by this operation gestalt is drawing 23 . 
In this case, in order to aim at connection with the exterior, he is trying for the area of the both ends of 
the 2nd coil L2 to become large. About the magnitude of this part, it is arbitrary. 

[0049] Next, as shown in drawing 24 , it dissolves with an organic solvent and the resist film 15 put on 
plating of the 2nd coil L2 is removed. Thereby, the thin film coil L with which the 2nd coil L2 was 
formed on the abbreviation same flat surface between the coils of the 1st coil LI is made. 
[0050] Subsequently, as shown in drawing 25 , ion etching removes the plating substrate film 13 with 
which the thin film coil L circumference part remains. Since there is no ion etching of 13 plating 
substrate film in this case in a fine part or the hidden part, it is not specified by especially the include 

[0051?Next, as shown in drawing 26 , in order to remove the insulator layer 12 deposited on the both 
ends of the 1st coil LI, and the FrontGap part which forms a magnetic core, a photolithography 
technique performs patterning of the resist film 1 7 which uses the part as opening. 
[0052] Patterning is carried out so that opening of the part for the magnetic-core point of the part which 
constitutes Gap may be carried out as a FrontGap section. Moreover, it is [ no constraint ] in a 
configuration etc. and is arbitrary if it is the magnitude whose connection is possible about the 
configuration for both ends of the 1 st coil LI . With this operation gestalt, the opening radius [ of 5 
micrometers ] circular of a core and a reverse side edge child part were used as the square of about 20 

micrometers. . . 

[0053] After performing patterning, ion etching or wet etching is performed and an insulator layer 12 is 
removed. With this operation gestalt, after wet etching removed, the front face was made pure by 
performing ion etching further. About the approach of this removal, it is arbitrary. 
[0054] If dissolution removal of the resist film 17 which gave the pattern with the organic solvent is 
carried out after removing insulator layer 12, it will be in the condition that it is shown in drawing 27 . 
According to this process, a part for the both ends of the 1st coil LI is exposed to a front face. 
[0055] Next, as shown in drawing 28 , the resist film 18 which uses the BackGap section as opening is 
formed using a photolithography technique. To the lower layer core 6, a FrontGap part is connected with 
the upper core (not shown) on both sides of a Gap ingredient, and a BackGap part is connected with the 
direct upper core. For this reason, at an old process, since the Gap film 8 and an insulator layer 12 exist 
in the BackGap part, it is necessary to remove these nonmagnetic membranes before the upper core 
formation. 

[0056] Next, as shown in drawing 29 , in order to remove the nonmagnetic membrane of a BackGap 
part, the Gap film 8 and insulator layer 12 in the opening part of the resist film 18 (refer to drawing 28 ) 
are removed by performing ion etching and wet etching. 

[0057] About the approach of removal, it is arbitrary like the above-mentioned. Moreover, although it is 
arbitrary, in order to gather recording efficiency also about the configuration of the BackGap section, it 
is desirable to make it to bring close to the FrontGap section as much as possible, and large. With this 
operation gestalt, it considered as elliptical [ of 25 micrometers of axes of abscissa and 10 micrometers 
of axes of ordinate ]. It will be in the condition that the BackGap section of the lower layer core 6 was 
exposed with this process. 

[0058] Next, as shown in drawing 30 , in order to aim at the insulation with the upper core formed in 
behind in order to perform cutoff with the thin film coil L and the open air, patterning of the flattening 
resist film 19 is carried out using a photolithography technique so that the whole thin film coil L may be 
covered. 

[0059] As shown in a Fig. at this time, in the both ends of a BackGap part, the 1st coil LI, and the 2nd 
coil L2, it considers as the pattern with which the resist film does not remain. About the class of 
flattening resist film 19, and the manufacture approach, it is arbitrary. And after performing patterning, 
by heating around 300 degrees C as it is for about 1 hour, the flattening resist film 19 is hardened and 
the solubility of it is lost also to an organic solvent. 
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[0060] Next, as shown in drawin g 31 </A>. the up per core 20 is formed . How not to be limited 
es pecially concerning the formation approach of the u pper core 20, to give p ar NINGU to the 
confi guration of a request with the resist film afte r [ used as t h e in g redien t of the upper core 20 J 
formin g NiFe etc. with a spatter or p latin g, for exam ple, to etch, and to remove the unnecessary section, 
the method of acq uiring a desired configuration hv performi ng p latin g , after perform ing patterning of 
the resist film which has opening in a desired configur ation, etc. can be considered. 
[0.061 ] If it has a good soft magnetism property about the i ngredient of the upper core 20, it is usable, 
but when r ecordin g efficiency is taken into consideration , permeability is high as much as possible, and 
what has high saturation ma gnetic flux density is desired. Th e N iFe platin g film was used with this 
operation gestalt. Also about a configuration, although it is a rbi t r ar y , it is de termined by the breadth of 
the FrontGap section, the breadth, i.e.. the width o f recording track, of a magnetization pattern recorded 
by the width of face of the narrower one amo n g the low e r laver core 6 or the upper core 20. 
£0069] Moreover, a BackGap part is also made into a wrap form. Furthermore, also about the thickne ss 
of the u pper core 20. the amount which gives enough the volume with which the amount of record 
ma gnetization is not saturated was required, and when it was this operation gestalt, it could be 2.5 
micrometers. 

[0063] Next, as shown in drawing 32 , the terminal the connection between the 1st coil and the 2nd coil 
and for external connection is formed. A thin film coil flows through one side of the 1st coil, and one 
side of the 2nd coil by connecting with the coil connection lead 22, as shown in drawing. 
[0064] and the external connection terminal 21 for taking connection with the each exterior is formed in 
the edge of the 1st coil, and the edge of the 2nd coil. It is better to enlarge surface area as much as 
possible, in order to lower resistance although the magnitude of each connection lead and a 
configuration are arbitrary. 

[0065] Moreover, Cu plating was grown up into the desired part by the formation approach being also 
arbitrary, carrying out patterning of the resist film which has opening of a desired configuration 
beforehand like creation of the above-mentioned magnetic core (the upper core, lower layer core) with 
this operation gestalt, and performing electrolytic plating in the inside of copper-sulfate plating liquid 
with a photolithography technique. In this case, if it has conductivity, an ingredient is not limited and its 
formation approach is also arbitrary. , s 
[0066] Furthermore, only the external connection terminal area section performs an additional plating 
process, and prepares the thickness of about 20 micrometers. Also after passing through the process to 
which this part is given next, it becomes the form exposed to a front face, and electrical installation with 
the exterior can be planned. 

[0067] Next, a part for the concave heights made with various patterns formed by the old process on a 
substrate (wafer) side is made into Taira and others. With this operation gestalt, first, after carrying out 
the spatter of about 20 micrometers of the 20aluminum3 film all over a wafer, grinding of the front face 
is carried out by mechanical polish, and irregularity is eased. The thin film coil L and a magnetic-core 
component serve as a form embedded by 20aluminum3 film, as shown in drawing. 
[0068] By the above, the component formation using the thin film process in a substrate (wafer) is 
ended, and mechanical processing for including the magnetic head in a system is performed hereafter. 
[0069] First, as shown in drawing 33 , some magnetic-head components in which the thin film coil L 
was formed are separated from a substrate (wafer) to the block status of a unit. Although considered as 
one logging block 24 for every five components by a diagram, the number of the component dealt with 
by 1 block is arbitrary. 

[0070] Next, the lamination substrate 25 used as protection of a magnetic-head component is made to 
rival in the logging block 24, as shown in drawing 34 . Although the same thing as a substrate 1 was 
used for the ingredient of the lamination substrate 25 with this operation gestalt, it is arbitrary. Here, it is 
necessary to make it smaller than the logging block 24 so that the edge of the external connection 
terminal of the magnetic-head component formed on the substrate 1 may be exposed about the 
configuration of the lamination substrate 25. Moreover, the adhesives of for example, a resin system are 
used for lamination. 
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r00711 Next as shown in drawing 35 , the form with a magnetic tape of having been suitable is made to 
the ton-face sections (a magnetic tape and sliding ******) la and 25a of a block made to rival in the 
shape of radii so that it may be easy concordance. Since it changes with systems used about a 
configuration, detailed explanation is omitted here. 

r0072] The logging block 24 with which two or more MR components 3 are located in a line, and the 
magnetic-head train of the lamination substrate 25 are divided, and it enables it to use it as the magnetic 
head finally as shown in drawing 36 . Moreover, with the include angle cut here, when applying to the 
system which performs for example, azimuth record, it cuts by preparing theta whenever [ desired 
azimuth-angle ]. The magnetic head (refer to drawing 3 ) which applied the thin film coil of this 
operation gestalt by the above is completed. 

[0073] Here the ease of patterning by the manufacture approach concerning this operation gestalt is 
explained In addition, let the case of the magnetic head of the helical scanning method earned in a 
rotating drum be an example here. Drawing 37 is the outline sectional view of the magnetic head used as 
an example The width of face (henceforth "hit width of face") of a magnetic tape and the head base 
which slides is prescribed on the system by this magnetic head, for example, it is below 100-micrometer 

r00741 That is the coil of a recording head must be stopped within this hit width of face, and needs to 
form a thin film coil in high tight ness. Moreover, in the coil using the copper wire used with the present 
MIG (Metal In Gap) head, total resistance is about 3ohms, and even if it considers using the electrical 
circuit of a set side together, the total resistance required of a thin film coil is wanted to be about 3ohms 
or less 

r00751 Moreover, in order to generate a write-in high field as correspondence to the record medium 
which is RF low current and has high holding power, it is necessary to make [ many / to some extent ] 
the number of coils. 

r0076] Ten coil numbers or more, the resistance of 3ohms or less, and hit width of face of less than 100 
micrometers are made into minimum Rhine as spec, required of the magnetic head of this operation 
gestalt including the above demand. c e 

[0077] Here in order to form a thin film coil, the resist film pattern with which the configuration of a 
thin film coil serves as opening is formed, and it is necessary to plate. That is, the tight ness of a thin 
film coil is determined by the width of face of the resist film which forms between coils. 
r00781 However as mentioned above, in order to lower resistance, when you are going to make it also 
increase the height of a thin film coil, the resist film and aligner which can realize a high aspect ratio are 
needed Usually in the stepper aligner of g line used and i line, unless it is highly precise, an about 6- 
micrometer aspect ratio is a limitation to 2-micrometer width of face as a limitation of a resist film 

F0079T moreover - if it takes into consideration being wound in hit width of face focusing on BackGap 
width of face of about 16 micrometers of a magnetic core, and not exceeding 10 micrometers from an 
edge as a margin of processing as range which performs a coil coil range = (hit width-of-face-BackBap- 
right-and-left processing margin) - 12 = (100micrometer-16micrometer-10micrometerx2)/2 = it needs to 
be set to 32 micrometers and it is necessary to give a coil required for less than 32 micrometers. 
[0080] Drawing showing the coil width of face to the number of coils in case drawing 38 forms a thin 
film coil with the resist film according to the conventional formation approach, and drawing 39 are 
drawings showing the height of the coil used as the number of coils, and the resistance of 3 ohms. Here, 
width of face of the resist film was set to 2 micrometers which is the min by which precision is usually 

10081 ]7f it is going to roll one step of thin film coil 10 times by the conventional formation approach, 
the width of face of 1 time of a coil will be set to about 1.5 micrometers from these drawings. Here, 
when specific resistance of coppering is made into 2.2micro ohm-cm, in order to set total resistance of a 
thin film coil to 3 ohms, width of face of 1 time of a coil cannot exceed 12 micrometers, and, now, it 

cannot form. ^ ^ . . , 

[0082] On the other hand, drawing showing the coil width of face to the number of coils in case drawing 
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40 forms a thin film coil according to the formation approach of this operation gestalt, and drawing 41 
are drawings showing the height of the coil used as the number of coils, and the resistance of 3 ohms. 
[0083] With this operation gestalt, the spatter has prescribed the thickness of the insulator layer between 
thin film coils, and an aim value is acquired with a sufficient precision. Moreover, the spacing is also 
high high density very much with 1 micrometer or less. With this operation gestalt, the thickness of a 
thin film coil required since the total resistance of a thin film coil is set to 3 ohms is set to about 6 
micrometers with 10 times of the numbers of coils. 

[0084] Furthermore, since the 2nd coil is formed between the coils of the 1st coil, and the pattern of the 
required resist film turns into a pattern of every other coil in that case, as a resist configuration in the 
time of the 1st coil formation, it becomes width of face of 4.3 micrometers, and height of 7 micrometers 
on count, and if it is patterning of this level, it is easily realizable by the manufacture approach of the 
thin film coil of this operation gestalt. 

[0085] Thus, it becomes possible to manufacture the magnetic head which fills the above-mentioned 
spec, with applying this operation gestalt, without using a highly precise aligner with a sufficient 
precision. 
[0086] 

[Effect of the Invention] As explained above, according to this invention, there is the following 
effectiveness. That is, since it is the configuration that only an insulator layer intervenes between the 1st 
coil and the 2nd coil, while being able to ensure the insulation between the coils of the 1st coil and the 
2nd coil, in order not to generate an unnecessary capacity between coils, it becomes possible to aim at 
improvement in dependability and the coil engine performance. 

[0087] Moreover, spacing of a thin film coil can be narrowed and it becomes possible to attain a 
miniaturization. Moreover, even if the precision of patterning is low, the thin film coil of high density 
can be created, and it becomes possible to aim at simplification of a creation process, and improvement 
in yield productivity. Moreover, in order that each thickness of the 1st coil and the 2nd coil may 
complement each other, the resistance of a coil does not depend on pattern precision, but becomes fixed. 
Moreover, since the coil of the same winding can form on 1 flat surface and the thickness of the height 
direction can be managed below with one half, a result becomes flat. 

[0088] When the thin film coil of this invention is adopted as the magnetic head, magnetic-path length 
can be shortened by miniaturization and it becomes possible from these advantages to raise recording 
efficiency. Moreover, the productivity of the magnetic head improves and high yield low cost can be 
realized. Moreover, resistance is fixed and the various circuit designs for a magnetic-head drive become 
easy. Furthermore, since a magnetic core is formed in a flat field, generating of a magnetic domain wall 
is controlled, relaxation of stress can be performed, and it becomes possible to raise magnetic properties. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is a mimetic diagram explaining the thin film coil concerning this operation gestalt. 

[Drawing 21 It is a mimetic diagram explaining the direction of a coil of each coil. 

[Drawing 31 It is the outline perspective view showing the example of the thin film magnetic head. 

[Drawing 41 It is a mimetic diagram (the 1) explaining the manufacture approach. 

[Drawing 51 It is a mimetic diagram (the 2) explaining the manufacture approach. 

[Drawing 61 It is a mimetic diagram (the 3) explaining the manufacture approach. 

[Drawing 71 It is a mimetic diagram (the 4) explaining the manufacture approach. 

[Drawing 81 It is a mimetic diagram (the 5) explaining the manufacture approach. 

[Drawing 91 It is a mimetic diagram (the 6) explaining the manufacture approach. 

[Drawing 101 It is a mimetic diagram (the 7) explaining the manufacture approach. 

[Drawing 111 It is a mimetic diagram (the 8) explaining the manufacture approach. 

[Drawin g 121 It is a mimetic diagram (the 9) explaining the manufacture approach. 

[Drawing 131 It is a mimetic diagram (the 10) explaining the manufacture approach. 

[Drawing 141 It is a mimetic diagram (the 1 1) explaining the manufacture approach. 

[Drawing 151 It is a mimetic diagram (the 12) explaining the manufacture approach. 

[Drawing 161 It is a mimetic diagram (the 13) explaining the manufacture approach. 

[Drawing 171 It is a mimetic diagram (the 14) explaining the manufacture approach. 

[Drawing 181 It is a mimetic diagram (the 15) explaining the manufacture approach. 

[Drawing 191 It is a mimetic diagram (the 1 6) explaining the manufacture approach. 

[Drawing 201 It is the mimetic diagram showing the remaining condition of the plating substrate film. 

[Drawing 2 11 . It is the mimetic diagram showing the removal condition of the plating substrate film. 

[Drawing 221 It is a mimetic diagram (the 17) explaining the manufacture approach. 

[Drawing 231 It is a mimetic diagram (the 1 8) explaining the manufacture approach. 

[Drawing 241 It is a mimetic diagram (the 19) explaining the manufacture approach. 

[Drawing 251 It is a mimetic diagram (the 20) explaining the manufacture approach. 

[Drawing 261 It is a mimetic diagram (the 21) explaining the manufacture approach. 

[Drawing 271 It is a mimetic diagram (the 22) explaining the manufacture approach. 

[Drawing 281 It is a mimetic diagram (the 23) explaining the manufacture approach. 

[Drawing 291 It is a mimetic diagram (the 24) explaining the manufacture approach. 

[Drawing 301 It is a mimetic diagram (the 25) explaining the manufacture approach. 

[Drawing 311 It is a mimetic diagram (the 26) explaining the manufacture approach. 

[Drawing 321 It is a mimetic diagram (the 27) explaining the manufacture approach. 

[Drawing 331 It is a mimetic diagram (the 28) explaining the manufacture approach. 

[Drawing 341 It is a mimetic diagram (the 29) explaining the manufacture approach. 

[Drawing 351 It is a mimetic diagram (the 30) explaining the manufacture approach. 

[Drawing 361 It is a mimetic diagram (the 31) explaining the manufacture approach. 

[Drawing 371 It is the outline sectional view of the magnetic head. 
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[Drawing 381 It is drawing showing the coil width of face to the number of coils in the case of forming a 
thin film coil by the conventional formation approach. 

[Drawin g 391 It is drawing showing the height of the coil used as the number of coils in the case of 
forming a thin film coil by the conventional formation approach, and the resistance of 3 ohms. 
[Drawing 401 It is drawing showing the coil width of face to the number of coils in the case of forming a 
thin film coil according to the formation approach of this operation gestalt. 

[Drawing 411 It is drawing showing the height of the coil used as the number of coils in the case of 
forming a thin film coil according to the formation approach of this operation gestalt, and the resistance 
of 3 ohms. 

[Drawin g 421 It is a mimetic diagram explaining the conventional manufacture approach. 

[Drawing 431 It is a mimetic diagram explaining the case where two coils in the conventional example 

are piled up. . . 

[Drawing 441 It is a mimetic diagram (the 1) explaining patterning of the resist film in the conventional 

example. . ^ . t . 

[Drawing 451 It is a mimetic diagram (the 2) explaining patterning of the resist film in the conventional 

example. 

[Drawing 461 It is the mimetic diagram showing what plated after pattern gap had occurred. 
[Description of Notations] 

1 [ - The 1st coil, L2 / - The 2nd coil, L / - Thin film coil ] - A substrate, 12 - An insulator layer, 3 - 
The magneto-resistive effect component film, LI 
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DRAWINGS 



[Drawing 11 
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[Drawing 61 
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[Drawing 221 
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[Drawin g 351 




[Drawing 361 
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[Drawing 231 
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[Drawing 241 
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[Drawing 261 
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[Drawing 321 
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[Drawing 341 
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[Drawing 41] 
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[Drawing 421 
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[Drawing 441 




[Drawing 451 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/20/2004 



• 'US PAGE BLANK (uspto) 



Page 18 of 18 




[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/20/2004 



f HIS PAGE BLANK (uspto) 



(19)H*H#fFit(JP) 



(12) 



^M^rF^fK (A). (ii)wifuwAwi»* 



2002-343639 

(P 200 2-343639 A) 

(43)<£IWB spricl4¥llfl29B(2002.11.29) 



(51)Int. CI. 7 




F I 




HO 1 F 


. 17/00 


H 0 1 F 


17/00 B 5D033 


G 1 1 B 


5/31 


G 1 1 B 


5/31 F 5E044 


HO I F 


41/04 


HO 1 F 


41/04 C 5E062 . 




41/12 




41/12 Z 5E070 






OL 


(^171) 


(21)W1»* 


#S2001-150249(P2001-150249) 


(71JUJMA 


000002185 








(22)fflMR 


5pfifcl3¥5^ 21 0 (2001. 5. .21) 




mM#p p pJll^fcp^ll6TI7#35# 






(72)fg0J!# 










mMfPp^n^tp 0 pi'i6T @7#35^ 














(74)ftSA 


100086298 














F*-A(i 


5D033 BA36 BA41 CA05 DA03 DA04 








DA08 DA09 DA31 








5E044 CA08 CB10 CC04 








5E062 DD01 FF01 








5E070 AA01 CB12 CC10 



(57) iwm 

-fA-L 1 tig 2 = xf,n, 2 i:* 5 E?iJ»-*ill-"CS:(-tf>tl 
|R2 a^f/uL 2ill 1 i<£>ffflt*f**£*£j8i 




1 

[#fffl#©iSB] 

3 H >v t K&il U T & it ib *v 5 WSk ="( K *5 V > 

T, 

BiJlEfS 2 3-f /U)WIM3*1 3-</K©^W«-B&IM-¥® 

.t^^tvr^s 1 1 Mian 2 ^j/utffimm 

ffilBff 2 ^jjsiWiajR 1 =>f /uo«l*BBI?l»W— ^BB 
±{;i^£;}x-C^5 WISH 2=-f^i MIE^ 

[»#®4] t fcUfffEffU 3^/v©IiBii, »& 

^ffc5: tSr#«ii-5l«^*2|B*©^^s' 20 
K. 

fJlB^l =i-f/Kp*ffi*3J:t>'#ifSfH^2tei^S:^ 

atria* i 3-r/K^#i»ra^^5j£«u^ofeTflfi#wi 

i Sr«f fR t i" 5 SMI = W A' ©«5S* ffi. 

8 1 mmm 1 =»w ^©mmww 1 4 s issc©^- 
10] ■ » 1 mm* ft isxmfe<o&mm* % 
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2 

[f»jfc« l 1 ] MR* 23^ y ± 9 *t 
K»KJfi*ife. 

[MF^fl 1 2 ] mftelfi 1 3 W /KO«ftlB t * 5 JSSB © 
[flt*«l 3 ] ifJfBgS 1 3 A-<E>#j&jlffl t * 5 JKSI5<£> 
[19**14] ffrlE^l 3^/utSfilE^2 3^/uiw 

[^BjcDi¥^B4ift?^] 

[0 0 0 1] 
[0 0 0 2] 

^fe, a^,l2®it#:— ©Eft • »ft^5I^S' K 

■tV^5> <> 

[0 0 0 3] r^i 5.4iWHH(^y K^*»«tW > 

,40 [0 0 0 4] £tT« ro/Btxt'M^^53-f;Hr 
^U-C*^3-r/ui^ 0 ^*ro^3^/KD^fiKic 
«i4 2 (a) ^^i-i5(-3^7U^^Ui?^ 

^-yp«u mm**?***'*?* 

tsrtt, El 4 2 (b).»-S%-t-i5**«R«5»HS 3 
[0 0 0 5] H©^^-=-^»S^t5 



3 

#^T'fflV^H5^fi"C'li, ljimPiTCLine-S 
pace SrHStt5^fAtS)5. 
[0 0 0 6] 

mfilT©L ine-Space X'T&f&t 3 :ttt, 11* 
[0 0 0 7] rrt, i43l^ti5'i2o©3^;v 

[0 0 0 8] ««|E»«E(*:fci8«-*e»*«l^-t 

CD^#/^ib8£fv,^S' K<Olg*SS.S^^, 

& r <£> i|>I tc: # #> ft * s <b ffife<Dt&WA6.&. TO^i'^t'I 
[0 0 0 9] rrt% W¥l 1 -3 4 5 4 0 4-9^« 

[ooio] L*»ufea*e>, 1-345404 

Ac, fill a^/VtTifilKiwffl^Sft&;i:tf s B£U 
60 

[0 0 11] 

[0 0 12] «l|6»JR«r^b-C@fS 
^2i|6i»)g±^Tm*«)^^^U> 
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4 

WK&tgK UTH 2 3 /\'&mit&f&t& li t 
5 WW ="f /i"*3 i tWK*^ y F ©»it*«fe-C & 5 . 
[0 0 13] r«?J:5**3SWt?«. IWBI— 3PB±fc» 

^tSi^t'iS'iii^, il3^;^f2 3^/l- 
10 [0014] 

/u«rJftW-t-5«SCBI^» (a) tt^BHk (b) ttWfffi 
3©*8MBca»e>J*3'«l =>-f A-L 1 tI2 3^;H 2 i 

11 i<o*i»iin^i»ra-¥ffi±^^*'*iT'"cv 

Jirttl^ l2 3-f;H2tfl3^f;Hlior»1t 
20 [0 0 15]r©Il3-fMliI2 3/f/H2i 

*i3>f^L itt***iRi (Htfc 
i 23^/n 2 tm^faK&oT^ffiiia^rtW-^ 

^xv^s. reofc*, il3^;Hl©tII1l;I2 3 
-f/VL 2 Sr^fifebfc^T?, H 1 1 (OrtfflSffii 

H2 3^L 2©^H|iJSSBt7)S«iii-5J:5ife«a$H5. 
[0 0 161^*3.01 (b) C/Ttf la^/Hlfc 
30 it>*^2 3^;H 2tt, »rSi»lW©§?fcfc<>-CV'>5a*, 

mi 3/f;n 1 wia^T^JtfSftffli&s^rBgi 

[0 0 17] cOiStHia-fMll. JWH^v^^ 

JH^fflta^SfBta^yuLSr^rilU 31 9 2 5 
40 1 3ft t) »*4: ©»»B la, 2 5 a K 

[0018] :o±5 4lii^y k 

[0 0 19] 5feT, 04l:*tJ;?, S«l SrfflSc-f- 
50 ttfcfll^fcA 1 2 0 3 -T i C (T/V'f-S'^) -^^IStfe* 



5 

©a-Fe 2 0 3 (^T^/f F) ft.if tf& jg-CfcS. *fc 
£14 4 ^cp, f*.2mm©t©?rfflil 

[0 0 2 0] IfcC i5lOTti5, ««|B»^y K© 

T*t» 5 (CM LT t«««H4«H-IT*"P* * t WT-fc^ 

5„ .^mtjsii-ea. f e a i s i (* sy* h) k* 

2. 5^m^'^SI:i!tttLfc. Ti3T 
2 )imK±i 5 iitV\ 

[0 0 2 1] jifciw, 06(C*-f±5(-, TfaTWt- 
/n' ^ — =. v y*& <fc t>*^ y^-^V UTiM^ s> Kft^ 

£3^fflgB#oB&££fT 5r fc-e$jAlfca*, met* 
[002 2] m7ic^-ri ^w&ttftw-j: 

14, «CJ6('T«=»T 6 tK- OlS*©A 1 2 0 3 JSI7 
fc^y *»£.]: 5 *#Ufc*> ^ffiCffi^fcHOSrCM- 

[0 0 2 3] E8CSi-.fc E»^sx K©F 

r o n t G a p*Mt5fe»roGa P§8 
5. m?liSiO 2 ^y^Sl:J:9 0. 2).ml 

^ufc 0 z<DGa P m8<Dttnte. immmmvmx 

[0 0 2 4] #5W&B*©£»I&T?S>5* 

(17 9 * y=**8l££ff 

[0 0.2 5] ^?*Til9t*J>5Ti/Curof* 
(4, Ti : 3 0nm, CulOOn mi Lfc, T i I4G 

-c% m^mvx\*&nx'hz>o cuii 
[0026] ^©ii^?)ii, mgcDB-C'^-t-AS) (— 



4 ) #BB 2 0 0 2 - 3 4 3 6 3 9 

6 

;;ffflV*V^ HJSH4< ^Jxtf 2 0 0 0 r pmt-I 

mt-xm^t vx8 n mumt ufc. hm 

r©i/-^hi<o/^-vio©f*t lOttt 
10 [0 0 2 71 W:, gl 1 1 C.St i 5 C« CuWy* 

t 1 l£r6/zm£ bfc„ 

[0 0 2 8] #CC, 01 2l:/Tti5C, s*jr—=.>y* 

/w|H5^cD^ s/+Tifi)K9 Sr^*-t5« r tf>»-g-<Z>^ 
V3i y ^ v ©Mf C*T-t 5 Tf # 5 1t rt • 

OS (Sit AW) tlfc^ xyfV^Hia 9 

tens. r©Miat). jBi.a^L-iiWftasft 

30 [0 0 2 9] ^(C HIl 3CSfJ:5C, f 1 

1 n^/WL 1 i:^2 3^^t^p^i-5£g«li4#^C* 

(S6«l 2) 4rKtt3. *»»It*liAl 2 0 3 !r 
0. 5(im^"y^SCi9MLfe. 
[0 0 3 0] r *6»)K1 2cpM^CMbT(4# 

5^gti Dlia^/Hl ^gi*W£5t)» 

[0 0 3 1] jJcC ^2 ;KO^ y + SrtT^ISOT* 
k/i5i2.3^/Vffl©^5'*T«lfil3 Ti 
50 /Cu) t^y^mi'tJJUfiR-fS. r©^y+T«JBt 
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Ti/CuJ|^ Ti :30nm, C 
u : 200nmi Lfc 0 

[0 0 3 2] ftfcl, *3Wt»JioKA'C*>6^ **T» 

[0 0 3 3] 5fci\ 015 C*t±5l^ y j/*T»BI 
1 3 ta-fiBW* 5 i5K:ft»^ hil 

i 4 h y y ^7 7>r-s«ia t>^*— 

tt, f£2 n-T^coy y#««*tt»^5fc»0= 3 'f >WB 

[0 0 3 4] HK^y y**rit«**TjB2a-f^i:4 
5Mfif 1 1 ©We*>9. roSS^^y* 

[0 0 3 5] r<^gP^*MPt tTt, ^ 

p#oy -x*T**l 3 i ttKIi 3^f^L l coPalo 
j£§i3^y y*T*fltl 3ttBfe±**b4v\ 
[0 0 3 6] Jfcfc, HI 1 6 ic^t" J; 5 fc, KS^ffiKSS 

3£\ mi a>f^L 1 jsW*JiaSM»4>t:»*bT, 
SRI a>f /i/L 1 M©J£»«>*fcJR2 = /WHoy -y*T 
*6K1 3*s«5±5Ki"Sfc*T?*>* (H17#I) . 
[0 0 3 7] ^03lfttt«J6-t*5* s . 

tt, 01 9 K^-f-J: § K> «lfcWfc:0 = t a n" 1 { (Jg 
1 a-f/WL lW^WIH-llftWRl 2c0j?^-x 2-y iy^r 
Till 30jfi^x 2) / (Sl^^/^L lO**) } 
0*CDfE^-£fflV^^ 0 = tan" :L (D/ 

H) 

[0 0 3 8] i^bft^fb, a^o^^rv-^y^^^ 

£ e aa»ft?Rtti:LTtt, 817i:*t«l3>f;VL 
<a±ffi*3J:tfffiBj<oy 7^T«1 3^5&fe^B&*£H 

[0 0 3 9] KBSU^KBBUTtt, 02Ol^t±5 
fc, 1 1 a^/n 1 of II:^ y*T«H 3 tf«ot 
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V*5#«-Cttfc<, 01 7K«t«l, t>L<J3:02 1 , 
t»ti5^ y*y*T»!Bl30-«^«<4ofctt 
Si:t5o V^tufc*** y y*T»*l 3<Dg§l = 

[0 0 4 0] Rfc, ^y^^trffofc'tt, sLy^^T 
M^^Ml 4^i»±^»4U 1212 
2|;*tl2^;HI:|PSP^oU^ Ml 5 O 

10 5o 

[0041] ^i/^hli 5^tt 

— ^ttsKS"t**V\ StefcSSl =M^L 1 £»o 

t-v^»2 3^/vffl^y y^T*Rl 3l:ov^ *1 

20 ^rSrJSUTty y*T»BH 3 *s*lV^^6>W:y 

ttrifcft-fcriV y y*T«J»l 3cD£gofcfgl 3^;H 1 

[0043] rrr% »2 a^/wt^v^^* 

j£) -Cte> 04 4ic^f ± 5 fc, Il^^f/Hl^- 
[0 0 4 4] 6Mmt4U^ofc»l 

30 ^tcBjStr&So ttU*, 04 5 (a) fcSt±5ft^ 
^-ny^coXl/^, 04 5 (b) fc^f-i 
V#ffl9. 04 5 (c) fc^iS*^* h»0jW8£' 

[0 0 4 5] 7tbyV^77^ i -Ol*^ 
itw^ Ml 5^*S— »1 a^f/vL 1 tf> 

40 ttttfc*,£»au-cu*s. 

[0 0 4 6] 04 5 (a) <D&0 \Z.s<#~-ZsXl'1fi96ik 
y*«:ff5»*, 0coi5^Sffi^y^ :3 f- 
^B±SR^ b y y ^rM^f. < jfcft tT.LS 5 ^ i KlftI 

[0 0 4 7] r*t«:Rtf, »rt«*:36±»->2/*KJ:5 

50 3te*r*fc*»wtt, ««±o^y*«r)a***»^ 
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[0 0 4 8] r<£>± ?{cbT*HJ6^®<'i«^ y^f-fifc 

[0 0 4 9] #Cl-v @2'4C^ti 5(-> !2 3^f;H 

[0 0 5 0] &v^T\ 02 5 l-^i-<t-5 MM^4 ^ 

[0 0 5 1] 02 6I^/Tt±5l', H 3 ^H 

1 roffiffigBi, 1^3 7^Mt5F r o n t Ga pffi 
#H:*8«;5;h,fc. &&J8I1 2&B&*-f -Sfcfe, ^©gB# 

[0 0 5 2] F r on t Gappfi tTtt, Gaplri 

— v^-rs. ^ i a^f/n i ©w*sw»©^^ 
IB urn, «a»«-T?#-s*# * t»fc*uf»#*fciltttt 

[0 0 5 3] =v^fc|fcU!L*, »&MUBE 1 2 «r-f 

[0 0 5 4] t&ftfltl 2»*Ufc«, *r««f*!lfc..fc 

[0 0 5 5] jJctC HI 2 8\zm-ti. BackGa 40 

-f-S[«S:fflV^r»fiRi-5. TB=-T6t'^L-T, Fr 
o n t G a pMttG a p W^tliaT (HS* 
-tt-f) kSSKU BackGapMliIS±I 3 7t 
r©fcat>, r^T-CDIg-et*, BackG 
a pflMHUttGa pJ^8 fcttMRl 2^4tTV^fe 

[0 0 5 6] SI 2 9 tC^fi 5 f- > BackGa 



$fH2 0 0 2-343639 
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8 (H2 8#M) ©Mn*MH-*>3Ga P SI8 tmk!& 
12i^4t5. 

[0 0 5 7] ifrSfi (rT«, B**©*fefcB8UTttttK-(? 
&5. ifcB a c k G a p»©^tHtt'btttt* 
■5 |E*S6*Sr±*f5fc». ft5i!9F r on t G 

Jfe^-CH, ti2 5 urn, mm I 0 dmOHWi 
Lfc. :©Igia?TS3760BackGapW 
10 gmUfc^tit^So 

[0 0 5 8] jSfetC, HI 3 Oic^-TJ: il^'I'^L 

[0 0 5 9] roir^HH^^-t"i5l-. BackGap 
gp^., fgl a-r^WL lfcJ:r>^2 3^;H 2©MSS85K 

20 T, =>^Srff ofc^, tot * 3 0 0°CSfr^T- 

i i*WIS«Jn»*:tT 5 r. fcfcJ:0', spates* M*i 

[0 0 6 0] ftl:, HI 3 1 (C^-TJ; 5t-> ±M=*T 2 0 
N i F e t£Z1t*'<i/9&&* S'*feCi9Mtfc 

[0061] ±1 = 72 0 LTW:A»'S:*»C« 

^^^^©^St^S. *3SafiJIJ«t*t±N i F e ^ 
y^StSrfflV^. J^RtcBBbTtff*^**^ Fro 
ntGap^td-C-, TJS376A^l3720O5 

ia^vv£©IIT*iEfifc£ft5S*flS'-<*— ^©HWB-t***?^ 

[0 0 6 2] BackGa p fifl5#fc« 5 

5. SfeK, ±i372 0©fW:«Ltt, IBftWtffc; 

[00 6 3] &t£, 123 2^-f ±51-, ^1 a-TA't 

^5 o f i 3^;v©jtWi:, ^ 2 ^JswKm t SrElcD 

1 5 |;3^;i,Sl D-K2 2 T'^-f5 - i: T\ = 

[0 0 6 4] tLt, Il='f/l'OSSa!iS2 3'f;HO 

2 1'«rKrt*. JtH^wafltty-K©***. 
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12 



[0 0 6 5] ^fiii*«fettt*t?*>t>***^tB^ 
(3, J:E©IM37 (iS^r, TfaT) ©ffr&irlH 

[0 0 6 6] £ ^MBSSBfttt^ffiW©*!!*©^ y 
^XSSrffV\ 2 0 /tmeH©ff*-SrKft-Ci3<. 

5. 

[0 0 6 7] 4'4"i?OISl!:i!JSfi (!7*^) 

±9a?ffi£WJu uois^fp-rso iin^;n*5i 20 

tWKaaraf^ttBfc*-*-.]: 5 K, A l aOai-c-i*^ 
[0 0 6 8] «_h(-<£>9, S« Wi^) tO»§lS 

[ 0 0 6 9 ] 9frf , 0 3 3 \zmT£ 5 fw, ila^f/H 

— 50^19 ffibya 2 4 t Lfcas, — 7*f s/^t?^ 
9»5*^©fflftttffiSrC**>S. 30 
[0 0 7 0] 0 3 4(^1" 3: 5 m, fljE^^y 

'^©«»fc**»0 2 5£, «)t)fflU7*By 

? 2 4izmK) K*)^-ia*»R2 5 

#»£7£SlT*(3g1£l tra-ototffiv^#tttl?* 
•5. $gt)-g-fcHir£>|£2 5 0^tc|BUT, SIS ■. 

[0 0 7 1] )5cfr, 03 5^i"J;5^, 5f9-a-fc>-tir7t 40 
-7*y?<D±M%!> m%*r—ytfgW)-? : 5W la, 2 

[0 0 7 2] 03 6 5 it^fflWM* 

tiil= (Sfc»)*i-BackBa 
= (100,u m- 1 6 u m- 
= 3 2 ju m 

fcfc*), 3 2 ,am«rtfci&»fc#iRfc:IS , ^#«tf**>3.. 
[0 0 8 0] 03 8(3, |£*©Jgj«#fttCfEV\ US** 50 



Rff 3M^0lliL7'c 2 4*3 3 t^I"? 
K«2 5 01^? K*l«r#«'UT, Kk LT 

13, JJfa©T5^*A*«*K»*TlS9K*:ff.$. «±fc 

[0 0 7 3] rrr% *|g»^1»fc««»5t^ft»-J:5 
(3, tHlte'K7AtC»ife$^-5^y TJ^^^r-y-^^*"^ 
K©«EBS»f®0-C'fe5„ r y KT*f3, & 

*U k«5. ) *«^'yA±«3t**vT*9,. «*.*f 1 

0 0 umilt^TtfeS. 

[0 0 7 4] o*?>; fBft^y K©#if*ttw©S^0ite 

JSg-t-5j6:^* s *>5. ^ff©MIG (Metal In Ga 

p) KT-fflV^H3fBi&lt£fl§V^#i8lt?f3, ^Sfei 
ffittis 3 Qg^X'fc "9 . * y HM©«*EIJ&&0MJ 

(3 3 QSgS^TT-fe-Sr i:-0 5 M^tb5, 

' [0 0 7 5] i«««fi*«ttt?, ^oiS5V^j#7J«r 

[0 0 7 6] W_h©B*^-^feT, **JS^©flS^ 
yKCI^ti-S^y^i^, 1 0 0£Ui, 

S0tfil3QJ^T, SfeDilOOfiinWtrftiS^y 

[0 0 7 7] :rt% »)g|3^/w<S:^-r5fc«){"tt, 
[0 0 7 8] VfrL-tttftb. Hfl3*bfcJ; 5(-ig$tfli:^T 

[0 0 7 9] ;#i*«:??.5*SHi:L-C, Sfc^igrt 

l;IH37©B ackGapfil6 *t mSSSr^'C^t U 
tt^Srt, *3J:tJ?*BX©^-^Vi:L.r^J;<3 
1 U fi m 
p-fefeJOX-e- S^V) /2 

1 0 /i m x 2 ) /. 2 

3^/Hi**-t"Bi. 03 9«, mm&tm.tfim.3Qbte 
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14 



5 3^/w<Oig£&7iW-0-t-S>3. rr-C\ ui?xhm<v 
fftt. If SSfi< f f 2 umi Lfc. 

[0 0 8 1] rtbe>roigi «©M*siaot 

fetflt$r3 Qi:-t--5.fc*t>fclil(ilC>3'r>'K^"IS^l 2 urn 
[0 0 8 2] rtUcfcfU I4 0IJ, **Jfe^®W^fife 

[0 0 8 3] *^J6»«-ei4, if^-f/HicMo 

ST' 6 u ra^m.b *£>. 

[0 0 8 4] $f>(-, ^H^Ii^SK^^/K^Kag^" 
ScTftt, Ml 3>fA'©«IMBfcllS2=>fA'**»rit*il'« 20 

U^FWilt, fHIU:, IS 4. 3^111, ilJ7^ 

[0 0 8 5] -Oi5t;, #*MBeH»*»ffli-S - i . 

5. 

[0 0 8 6] 30 

3>f/i/il2 3/f;i/i o#i8ftffl X°<r>%M &mwz-tz> z 

[0 0 8 7] »JBS /w<o MPS /hS 

-fb«fH*r ia^«&i*3. 

[0 0 8 8] ■rfrk^fiL&a^ ^m^MM^^ ^ 

Kdggffl /J^lblcioT^ftSrM 

<-e#, E«8b**i^i-tS-ti-5r: i<4*«rf6i*3<, * 



tgi*5. 

[Bl] **J6^*^«5»«t3-f^SrBlifli-5«S:H 
[0 2] ^O^iH^lRlSrlftW-f-S^ia-CfcS. 

[S3] .aEfflUK*^:/ h'<Dm^-f-wt^um-^hi. 

[0 4] »it*acS:lftWi-5*S;H (^oi) -<?**. 
[0 5] M£#S;*tt9i-*-5*a;BI (t©2) t»*>5. 
[0 6] «3t*ffi*:lftW-f5*S:H (-to 3) t?$>5. 

[0 8] «iftfr8c4:lft9l1-a*5£BI (*©5) -Cfc*. 

[09] (-t©6) -c-fcs. 

[010] 44Jfi^*'«r«tM't-5«*H (*©7) T'fc 
5. 

[011] »jt*i£SrlftW-t-S^0 (^©8) t?*> 
5. 

[012] a!liS*ife%r«W-t"5*S:BI (*»9) t»*> 
5. 

[013] »3fi*Sc*ittW-t-s«s:H (toio) T?» 

5. 

[0141 «ifi*jfe*»Wi-5«aH. 1) 

[015] «Jft*«fe*rlftMi-5fl^;H (^l 2) T-& 
5. 

[016] »ifi*«fe*:»i«i-5«S;H 3) 
[017] MabSfSc&BliB-t-SfcsSH 4 ) **> 

[0181 »it*«fe*»Wi-5*s;Bl- (^©l 5). -efc 
[019] »iii#8s*K9l-t-3*5*;H (^©1 6) -c-fc 
[02 0] * •y^rmm^'o^^-r^MX'h 

So 

[02 1] ^ y #T«©^4tSSr/ft^0-C** 
[02 2] «3f*'ftSr»K-r«*S;H (f®17) Tfe 
[02 3] »ig^ftSrttM-t-5«*H (*<&1 8) T'fc 

[02 4] »ifi*fe&ttWi-5«s;H (tois) 
[02 5] MfcfrftfcKiJfH-SflliSH (^©2 0) T-fc 

-So 

[0 2 6] Mit^fe^ift0J-t-5ms;0 (*©2 1) -e*> 

5. 
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[02 71 «ig*S«rBiWi-5*S;0 (t©2 2) T?*> ©«gl*K«r* /M»«r^H"e**. 

" [i3 9] «©M*ftt'il3^/^lfMt5i^ 

[02 81 MfcMfefcttOT-SWSCBI (^©23) "(?*> o^MllfciattgESOiftSaW/KOKSfc^i-H-e* 

5 ■ S. . 

[02 9] «Jft**«rKW-t-««»;H (^©24) [04 0] «Elfc»ll©»lfcfrlfefc1ftV^=i^/u*:» 

[0 3 0] «Jt#*fe«Wi-*«3*H (^2 5) -C-fe [04 1] *3Wfc»llO»rt*tSfeK«V^=>f 

5o ^-r-5#-^»^»t}gfetffi3Qt^5='^^W I a^ : Sr 

[03 1] «it*«fe*iJlw-r5*S:H (t«>2 6) -efc ^-r0-c-fe^„ 

10 [04 2] t86*<O»iS*ft«:ttW-*-5*S;0-eS>5. 
[0 3 2] «ig^ffiS:lftWi-5*S;H (t©2 7) T?*> [04 3] a*^K*srt5 2o©a-f /l/SrSfa-g-fe-fri 

[0 3 3] Kit^feSrRM-riftSCH (^<D2 8) T'fe [04 4] WJWttSl'^ H©^^=^^ 

5o U£il1--5lg5£0 (t»D 

[0 3 4] »it*feS:»M-rS**0 (^^2 9) T?*> [04 5] «*W^*J»t5 W h«©/^-=^^«r 

5<> K911-5*5SI1I (^r^2) 

[03 5] «JtoWfe*rKWi-»fl«BI (^©3 0) T-fc [04 6] /?-yXM%U«l^ -y^Sr^o 
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